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Distance measuring apparatus 

This is exploited by the invention. °" aisiance (fig 3) from the source 1 in urban environments. 
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At least one drawing orlainally filed was informal and the prin, reproduced here is 



talcen from a later filed formal copy. 
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DISTANCE MEASURING APPARATUS 



This invention relates to distance measurement in radio communication 
systems and particularly, though not exclusively, to the ceUular GSM 
system (Global System for MobHe Communications), a description of which 
can be found in the book «The GSM System for Mobile Communications- by 
M. Mouly and M. Pautet. 

Cellular radio telephone systems generally include a switch controller 
coupled to the pubHc switched telephone network (PSTN) and a pluraKty of 
base stations. Each of the plurality of base stations generally defines a 
geographic region proximate to the base station to produce coverage areas. 
One or more mobile stations communicate with a base station that 
facilitates a call between the mobile station and the PSTN. The 
communication link over a carrier signal from the base station to a mobile 
station is referred to as the downKnk. Conversely, the communication link 
from a mobile station to the base station is referred to as the uplink. 

GSM networks are made up of mobOe services switching centres, base 
station systems and mobile stations. These three entities can be broken 
down further into smaller entities such as within tiie base station system 
there are base station controllers, base transceiver stations and 
transcoders. 

It may be advantageous to determine the location of a mobile station with 
respect to the fixed base station. For example, such information would be 
useful to emergency services and to traffic routing services. Most known 
methods of locating a mobile station in a mobile telecommunications 
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network involve, amongst other things a calculation of the distance 
between a base station and in a mobile station* One method of estimating 
the distance between a base station and a mobile station in a GSM network 
involves measuring the propagation delay incurred by the carrier signal 
5 during its return trip from the base station to a mobile station. (See for 
example WO-A-9206672). 

The radio interface between the base station and the master station in the 
GSM Network comprises a time division multiple access (TDMA) 
10 structure having eight time slots per radio carrier. The TDMA structure 
is used by channels which are divided into traffic channels and control 
channels. 

The GSM system further contains a function called adaptive frame 
15 alignment (AFA). Eight time slots form a TDMA frame. The TDMA 
j frames of all the frequency chaimels should be aligned with each other. In 

the base station* the TDMA frame is delayed in the uplink with a fixed 
period of three time slots from the start of the TDMA frame on the 
i downlink. In the mobile station, the delay in the propagation of the signal 

20 is compensated for. This delay is called the timing advance. It is the 

process of adjusting for this delay which is called adaptive fame alignment 
(AFA). 

Usually, the timing advance TA is measured by the base station each time 
25 it detects a transmission on the random access channel RACH. The 

timing device TA is defined as the delay of the RACH signal relative to an 
expected signal from a mobile station on the distance. The measured value 
is rounded to the closest bit period and is signalled to the mobile station. 
Thus, the value of the timing advance TA may be interpreted as a measure 
30 of the distance to the base station. However, the measurement achieved 
using this known method is not particularly accurate. 
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This invention provides a method and apparatus for distance 
measurement which may be used in determining the location of the mobile 
station and which provides a more accurate estimate of a distance between 
a base station and a mobile station in a mobfle communications network 
than can be provided by other known systems. 

Accordingly, the present invention consists of distance measuring 
apparatus comprising: a first antenna having an output and being 
sensitive to receive a first component of an electromagnetic signal, from a 
remote location, having a first direction of polarisation, a second antenna 
having an output and being co-located with the first antenna and being 
sensitive to receive a second component of the electromagnetic signal, from 
the remote location, having a second direction of polarisation offset from 
the first direction of polarisation, means for measuring cross-correlation 
between the antenna outputs and means for comparing the cross- 
correlation with a pre-determined value related to distance, thereby 
determining the distance from the antennas to the remote location. 

Preferably, cross-correlation is determined over a valid statistical 
averaging period and compared against the average correlation co- 
efficients with physical positions of existing collected data. An estimate of 
the distance between the antenna location and the remote location can then 
be determined from a simple look-up table. 

In cases where the invention is to be incorporated into a GSM cellular 
radio network, the apparatus can be incorporated either in the base station 
or in Uie mobile station. 

Some examples of the invention will now be described, by way of example 
only, with reference to the drawings of which: 
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FIG. 1 is a schematic block diagram of distance measuring apparatus in 
accordance with the invention and incorporated into a mobile radio 
telephone communications system, 

5 FIG. 2 is a graph with several plots at various distances of cumulative 

probability density function (CDF) percentile versus correlation co-efficient 
between dual orthogonally polarised antennas, and 

FIG. 3 is a graph showing the relationship between a cross-correlation co- 
10 efficient and distance derived from Figure 2. 

In Figure 1, a base station 1 at a fixed location, communicates with a 
remote mobile station 2. In accordance with usual practice, the base 
station 1 includes receiver circuitry 3 and transmitter circuitry 4 both 
15 connected via a duplexer 5 to an antenna system 6. 

In accordance with the invention, the antenna system 6 comprises two 
orthogonal polarised antenna elements 7 and 8 which are connected to the 
receiver 3. The receiver 3 is configured as dual polarisation diversity 

20 receiver and includes separate base-band demodulation stages 9 and 10 for 
each antenna input. The outputs of each stage 9 and 10 are connected to a 
correlator stage 11, The output from tiiie correlator stage 11 of the receiver 
3 is fed to a first input of a comparator 12. A second input of the 
comparator 12 is connected to a memory 13 which comprises look-up tables 

25 relating distance to cross-correlation values. 

The inventor has discovered that cross-polarisation discrimination of the 
signal received at the base station 1 from the mobile station 2 in an urban 
environment, can be used to determine base station-to-mobile station 
30 distance on a statistical basis. 

Figure 2 shows the simultaneously measured cross-correlation statistics 
between the two antenna elements 7 and 8. The effects of distance from 
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base station 1 to mobile station 2 can be seen, with the lower cross- 
correlation statistics at distances beyond 3 kilometres. Additionally, there 
is a parabola effect in the near-in distances. It is clear that this is not a 
signal-to-noise effect on the received cross-correlation because the same 
5 data set taken on spatial antennas shows no such trends. 

Taking the average figure for cross-polar-correlation, (ie a CDF percentile 
value of 0.5) a further graph of cross-correlation coefficient versus distance 
can be plotted (see figfure 3) ie the parabola arotmd the cross-correlation co- 
10 efficients can be used to determine distance between base station 1 and 
mobile station 2. 

Returning then to Figure 1, in operation, the base station 1 and mobile 
station 2 communicate in the usual manner with the additional 

15 computation performed at the base station 1 as follows. The signal 

received from the mobile station 2 is effectively split into two orthogonally 
polarised channels by the action of the two antennas elements 7 and 8. 
Cross-correlation been the two channels is performed in the correlator 
stage 11 (by comparing the intensities of the signals in each channel) and a 

20 cross-correlation co-eflRcient is determined and output therefrom. This 
coefficient is compared with a look-up table derived from the information 
contained in Figure 2, for example, which is stored in the memory 13. The 
comparator 12 thereby outputs a value of base station to mobile station 
distance. 

25 

The distance value computed can, if desired, be used to update, 
complement or use independently of the timing advance TA simply by 
dividing the distance value by the speed of light to calculate the return trip 
time from base station to mobile station. 

30 

Fuilher, any ambiguity in the distance determination can be resolved by 
comparing this computed value for timing advance with the timing 
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advance value generated in the conventional fashion as is inherent in GSM 
architectures. 
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Claims 



1. Distance measuring apparatus comprising a first antenna having 
5 an output and being sensitive to receive a first component of an electro- 
magnetic signal, firom a remote location, having a first direction of 
polarisation, 

a second antenna having an output and being co-located with the 
first antenna and being sensitive to receive a second component of the 
10 electromagnetic signal, fi:'om the remote location, having a second 
direction of polarisation offset firom the first direction of polarisation, 

means for measuring cross-correlation between the antenna 
outputs, 

and means for comparing the cross-correlation with a pre- 
15 determined value related to distance, thereby determining the distance 
from the antennas to the remote location. 

2. Distance measuring equipment as claimed in Claim 1 in which the 
second direction of polarisation is offset firom the first direction of 

20 polarisation by 90 degrees. 

3. Distance measuring apparatus as claimed in Claim 1 or Claim 2 
and incorporated in a base station of a mobile telecommunications 
network. 

25 

4. Apparatus as claimed in Claim 1 or Claim 2 and incorporated in a 
mobile station of a mobile communications network. 

5. A method of distance measurement including the steps of: 

30 receiving at a first antenna, a first component of an electromagnetic 

signal, fi-om a remote location, having a first direction of polarisation. 
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receiving at a second antenna co-located with the first antenna, a 
second component of the electromagnetic signal, from the remote location, 
having a second direction of polarisation offset from the first direction, 

cross-correlating the outputs of the antennas, 
5 and comparing the resulting cross-correlation with a pre-determined 

value related to distance, thereby determining distance from the antennas 
to the remote location. 

6. A method as claimed in Claim 5 in which the step of cross- 
10 correlating the outputs of the antennas is performed over a pre-determined 
statistical averaging period. 

1. A method of measuring the distance between a mobile station and a 
base station in a mobile telecommunications network which method 
15 comprises the distance measuring method of either of Claims 5 or 6. 

8. Distance measuring apparatus substantially as hereinbefore 
described with reference to the drawings. 

20 9. A method of distance measurement substantially as hereinbefore 
described with reference to the drawings. 
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